The paper presents a novel algorithm for designing technological parameters by which one optimize power losses and induction in SMC. The advantage of the presented algorithm consists in the bicriteria optimization: minimization of losses and maximization of induction. The crucial role in the presented algotithm plays scaling.
I. INTRODUCTION
Recently the algorithm for designing values of the hardening temperature and the compaction pressure in production process of Soft Magnetic Composites (SMC) has been derived by using concept of Pseudo State Equation [1] . In equilibrium thermodynamics the equation of state relates between thermodynamic parameters. For instance in the case of gas-liquid system they are: temperature, pressure and volume of considered material. By an analogy to equation of state we consider a phenomenological relation between technological parameters and physical properties of the material. Such approach for SMC is possible due to topology of the completed set of scaled power losses characteristics. The most important features of this topology are the following [2] , [3] :
• set of characteristics consists of one variable smooth functions:
where P tot is density of power loss, B m is pick of induction, f is frequency of electromagnetic field wave, F (·) is a function determined experimentally, α and β are scaling exponents,
• considered set is continuous which means that if for each characteristic one defines a cover having arbitrary small radius then this cover will contain an infinite number of characteristics. Each characteristic is determined by α and β exponents. These are functions of the technological parameters T and p
where T and p are hardening temperature and compacsion pressure, respectively.
• Characteristics do not cross each other except at origin point f B α m = 0, which is the common point for all of them.
• All the characteristics are monotonic increasing functions of f B α m . These properties have enabled us to introduce measure of power loss V (T, p) which was average of characteristics with respect to
where the integration domain was common for the all characteristics. Basing on the topological properties of the characteristics' set and on (2) as well as on (3) the PseudoState Eqation for Soft Magnet Composites has been derived. This equation has anabled us to determine optimal values of the technological parameters [1] . However, the described optimization concerns only the power losses. Whereas, in designing processes optimization of induction is also important. Goal of this paper is to extent the described in [1] algorithm for optimization both power losses an induction.
II. EXPERIMENTAL DATA
Specimens were produced by cold pressing under pressure of 500. . . 900 MPa. The specimens made of Somaloy 500 powder were cured at a temperature of 400. . . 600 o C for 30 minutes in air atmosphere. The specimens used in experiments were ringshaped with a square cross-section. The specimens had the following dimensions: external diameter 55 mm, internal diameter 45 mm and thickness 5 mm. Total power loss density P tot , expressed in watts per kilogram (W/ kg), were obtained from measurements of the AC hysteresis cycle according to IEC Standards 60404-6 using the system AMH-20K-HS produced by Laboratorio Elettrofisico Walker LDJ Scientific. Total power lossesP tot were measured at maximum flux density B m = 0.1. . . 1.3 T over a frequency range from 10 to 5000 Hz. During measurements of the total power losses P tot , the shape factor of the secondary voltage was equal to 1.111±1.5 %. Maximum measurement error of the total energy losses was equal to 3%. In order to optimize the magnetic properties, the magnetic inductions B at fixed magnetic field H equal to 1000 A/m have been determined. These values were obtained from measurements of the DC magnetization curve according to IEC Standards 60404-4 using the same measuring system.
III. POWER LOSSES AND INDUCTION PSEUDO-STATE EQUATIONS
Optimization of the power losses was basing on the topological properties of the characteristics. Now situation is much simpler because for optimization of magnetic properties we have selected induction B 1000 for the fixed magnetic field H=1000(A/m). We have chose this value because the magnetic permeability of the soft magnetic composites reaches a maximum values around this magnetic field. We expect that the Pseudo-State Equation will properly describe induction at this point as a function of T and p. For the further considerations we assume that also induction obey the scaling. In order to justify this assumption we refer to the two phenomenons: invariance of power losses (area of the hysteresis loop) with respect to scaling and invariance of the hysteresis loop with respect to the scaling. Therefore, for the two criteria optimization problem: minimization of the power losses and maximization of the induction for the fixed magnetic field we will use the two Pseudo-State Equations of the general forms:
where Φ(·) and Λ(·) are arbitrary functions to be determined.
are scaling exponents and scaling parameters respectively, to be determined. In the case of the power losses pseudo-state equation all calculations concerning modelling of Φ(·) and fitting of scaling exponents as well as model parameters have been done in [1] . The most important result for this consideration was the derivation of an infinite set of solutions for the technological parameters which minimize the power losses:
Task of this Section is to derive an analogous condition to (8) for T and p which now lead to maximum of B 1000 . Deriving in [1] the form for Φ(·) we have revealed the two phases of Somaloy500: low lossees and high losses ones. Therefore in considerations of the Induction Pseudo-State Equation we have to take into account this pahse separation. Measurement data of B 1000 v.s. T and p are separated into these two phases in TABLE I. Horizontal line between B 1000 = 0, 414(T) and B 1000 = 0, 425(T) indicates the crossover between the Low Losses phase and the High Losses one. This transition is very well visible by jump of V (T, p) function around the separation line [1] . For each phase we assume an independent brunch of the Pseudo-State Equation in the forms of the Padé approximants. In order to simplify notations we introduce the following abbreviations:
Expressing Λ(·) in (6) by the Padé approximant we get the following form for the Induction Pseudo-Euation of State: 
V. ESTIMATION OF THE INDUCTION PSUDO-STATE EQUATION'S PARAMETERS
In [1] it has been revealed the sudden change of V between two points: [773, 15; 500, 0] and [742, 15; 764, 0] which has been interpreted as crossover between two phases:the low-losses phase and the high-losses phase. This effect is not seen in the induction magnitude. However in order to have compact description of the power losses and the induction we take that into account and we divide the data of Table I into two subsets corresponding to the revealed two phases, respectively. Minimizations of χ 2 for both phases have been performed by using MICROSOFT EXCEL 2010, where
where N = 7 and N = 6 for the low-losses and high-losses phases, respectively. Table  II and Table III present estimated values of the model parameters for the low-losses and for high-losses phases, respectively. 
VI. OPTIMIZATION OF INDUCTION AND POWER LOSSES
In the optimization of the power losses problem [1] we have accepted the Low Losses Phase solutions whereas the High Losses Phase solutions where rejected. However, it is not clear whether for pressure characteristics such a choice would be correct solution.
As we have proved in the recent paper the binary relations are invariant with respect to scaling [1] . This enables us to present all scaled characteristics in the one picture Fig.1 and make the following conclusion. All considered pressure characteristics of the High Losses Phase are covered by the set of the Low Losses Phase characteristics. Therefore for further considerations we limit our searching to the Low Losses Phase. For this purpose we draw part of the phase diagram of Somaloy500 corresponding to the Low losses Phase Fig. 2 . The experimental dimensionless constant 19,75 has been derived from Fig.2 as a value of τ π −δ which was coordinate of minimum of scaled power losses' measure V π −γ . According to (5) X = 19, 75. Unfortunately, due to plato around 19,75 the uncertainty of X is large which would influence the further calculations. Therefore, in order to solve this problem we assume that X is a variable running around 19,75. This variable will be used in the optimization procedure under consideration. As it has been mentioned above (8) the revealed condition for the power losses optimum was the following:
where the values of T c , p c , δ are displayed in Table IV . Substituting (13) to (7) we derive the following formula for X ′ :
Expressing T and X ′ by p and X according to (13) and (15) 
where the values of G i , D i , p c , γ are displayed in TABLE IV.
We are ready to start the bicriteria optimization: using the two independent variables p and T the induction B 1000 will be maximized while the losses messureV will be minimized.
Optimization has been done by SOLVER routine of EXCEL2010 program. The following procedure was executed.
• Assign B 1000 as a target function and swich on SOLVER for the max mode.
• Assign p and T as independent variables.
• For the sellected set of losse values {V 1 , V 2 . . . , V n } calculate the corresponding values of {B 1000,max }.
• Assign V as a target function and swich on SOLVER for the min mode. • Keep p and T as the independent variables.
• For the callculated set of induction values {B 1000,max } calculate the corresponding values of V min .
• Each time when the particular result is obtained one must check whether X stisfies the following conditions: 18, 4 < X < 22, 9. These result from limitations of the presented calculations to the Low Losses Phase presented in Fig. 2 For each time this procedure has coverged to fixed point after two steps. The obtained results are presented in TABLE V. Fig.3 and Fig.4 present these results in technological and in physical spaces, respectively. There is one to one correspondence between points of these spaces. The set of points in the presented Figures can be as dense as needed. 
VII. CONCLUSIONS
We have presented a possible method for the bicriteria optimization of the chosen physical properties of Soft Magnetic Composites. By this way we have solved the problem mentioned in [3] concerning optimiztion of losses and induction. The crucial roles in the presented method play scaling and the notion of pseudo-state equation. The created system is as good as the experimental data which have been used for the estimations of models parameters. Therefore, presented here the first version will be improved by forthcoming new experimental data. The derived algoritm is addressed to designers of SMC.
